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EWKMENTAL AKOTHEORETICALSTODYOFTHEEFFECTSOF

BODYSIZE01’iTHEAERODYNAMCCCHARACTERISTICSOF

ANASH?ZTRATIO3.0 WIIKW33DYCOMBINATION

By EdwardJ. HopkinsandIhibertC.Carel

Measuraentsweremadeata Machnuuiberof0.25oftheaeroQnamic
characterstiesofa winghavingan aspectratioof3 cmibinedsepa-
mtelywitheachofthreegeometricallysimilarbodiesofrevolution,
differingonlyinsize,havinga finenessratioof12.5. Theratiosof
bodydiametertowingspanwere0.196,0.259,and0.343.Theexperl–
mentalforcesendpitchingmomentsarecomparedwithpredictedvaluesfor
thewing,foreachofthebodies,forthewinginthepresenceof eachof
thebodies,andforthewing+odyccmibinations.Someexperimentaland
calculatedresultsforthew%g mountedona fkt-+idedbodyarealso
included.

Goodagreementbetweentheexperimentalandcalculatedresultswas
obtainedby includingthevelocitiesinducedby thewingonthebodyand
by thebodyonthewingintheoreticalcalculationsoftheforcesand
moments
ofbody

onwing+odycombinationsincorporatingrelativelyL3rgeratios
disnetertowingspan.

INTROWCTION

Theproblemofmutualinterferencebetweena tinganda bodyhas
longbeenofinteresttoaircraftdesigners.Thisproblemhasrecently
becomemoreImportanttiththeuseoflow+spevt-atiowingstoattain
efficienthigh-speedflightbecauseoftherelativelylargeratiosof
bodydiametertowingspanforthesecombinations.Therefore,a stmple
butaccurateprocedureforpredictingtheforcesandmomentsmutually
inducedby a winganda bodyisof considerableinterest.
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Theinvestigationreportedhereinwasinitiatedtoascertainthe
—

effectofbodysizeon thelow-speedaerodynamicforcesandmomentsof —4“
threewing~odycombinat.donsandoftheircomponents,andtoevaluatethe
adequacyofexistingtheoriesforthepredictionoftheseforcesand
moments.ThemethodofpotentialflowIsusedinthisreporttocalculate
upwashanglesinducedby thebodiesinthevicinityof thewing. Since
theWeissingermethodis easilyadaptedtowingswitharbitrarytwist
distributionsandhasbeenshowntogivea goodrepresentationofthespan
loaddistribution(references1 to3), theWeissingermethod(references4
and~)wasselectedforthecalculationofloadsinducedby thebodyon
thewing. TheMulthoppmethod(reference6),whichtakesintoaccountthe
flow-anglevariationalonga bodyinducedby -&hewing+?lowfield,isapplied
hereinforthepredictionofthepitchingmomentsofthebodiesinthe
presenceofthewing. Theamountofwingloadcarriedoverthebodieswas
calculatedby theLennertzmethod(reference7).

bending-moment
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maximumdfameterofbodyormaximumwidthofbody

angle ofwingincidencerelativeto thebodyaxis

bodylength

pitchingmomentaboutthemomentcentersshownin
figuresl(a)andl(b)

forcenormaltothebodyaxisandin theverticalplane
ofsymmetryforthebodiesandfortheting+odycmn–
binationsorforcenormaltothewing-chordplanefor
thewingalone

free+treamdynamicpressure

radiusofbody

maximumradiusofbody
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maximumcross+ectionareaofbody

totalwingarea

forceparalleltothebodyaxis

longitudinaldistemefrombodynose

lateraldistancefromtheverticalplaneof
-trY

verticaldistencefroma lateralaxiswhichinter-
sectsthebodyaxis

engleofattack

upwashanglerelativeto thefreeair-streemdireotion
(positiveforupwash)

anglemeasuredina planenormaltothebodyaxis
frantheverticalplaneofsymmstrybelowthe
bodyaxi.a

hKmELmwRIPrIoN

Thewingusedintheinvestigationhadanaspeotratioof3,a taper
ratioof0.4,anda hexagonalsection4.>percentchordthickwithrounddd
ridgelines.(Seefig.l(a).) Eachofthreegeametrioallysimilarbodies
ofrevolutionwasmountedonthiswingwithresultingratiosofmaximum
bodydiametertowingspanofO.1%, 0.259,md 0.343.AS sho~ in
figurel(b),thewingwasinthehorizontalp-e ofsynmuda?yofthebodies
ofrevolutionwiththe7~ercent+ohordlineofthewingcoincidenttith
themidlengthpointofthebodies.Forthetestsinwhiohthewingtici-
dencewasvaried,theMng wasrotatedabouta lateralaxispassing

—

througha pointat41.kpercentofthemeanaerodynamicchordofthewi .
7Thewingwasalsocombinedwitha flat-sidedbodyasshowninfigure1(o.

Photographsofthewing,ofthemedium-+izedbody,andofthewfng-body
combinationareshowninfigure2.

Thebodiesofrevolutionhadfinenessratiosof12.~ md hadcontours
givenby thefo120wlngequation:

“r” [1- 0-%97”’4 (1)
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ThisbodyshapehasbeenderivedbyW. R.SearsandW. =ack andsatis-
fiestheoreticalcriteriafortheminimumwavedragat suyersoniospeeds
fora bodywitha givenlengthandVOIUJJM.
bodiesofrevolutionaregivenintableI.
andofthebodiesusedinreducingthedata
sentedintableII.

ZESTIT?OCEEURE

Thetestswereconduotedin oneoftie

CoordiGtesforthethree
Thedimensionsoftheting
tocoefficientformarepre-

Ames7-by l%footwindtunnels
at a dymmicpressureof 90poundspersquarefoot;We Machnumberwas
O.25;andtheReynoldsnmiberwas1.75millionbasedonthemeanaero-
dynamicchordofthewing. Measuranentsweremadeofthenormal<orceand
pitchhg+amntcharaoteristiosofthewing=ofthethreebodiesofrevo-
lution,ofthewinginthepresenceof eachofthebodiesofrevolution=
md ofthewimgocmibfnedwiththesebodfes.Theaboveaerodynamiccharac-
teristicsweremeasuredforthese_ody combinationswiththewingat

* an angleofincidencerelativetothebodyaxisofOo,2°,4°,60,80=and
10°. Thedragcharacteristicsweremeasuredforthewing,forthebodies,
andforthewiD@ody mmibinatlons.

-
Thesti+omponantbalancesystemofthewindtumnelwasusedto

measuretheforcesandmomentsforthewing,forthebodiesofrevolution,
andforthewingcambinedtitheachofthebodiesofrevolution.Forthe
measurementsoftheforcesandmomentsonthewinginthepresenceof the
bodiesofrevolution,theleftwingpanelwassupportedfrcmwithinthe
bodyby a thres-componentstrain~gesystem.A gapofabout1/4inch
wasrequired%etweenthewingsurfaceandthebodytoallowfordeflection
ofthestraingages.Topreventtheflowofairthroughthegapbetween
thew5ngandthebody,a sealoonsisti.ngofa thti=walledrubbertube
filledwithairwasinsertedinthegap. Airpressurein thetubewas
maintainedat a oonstantvaluethroughoutthetests.Calibrationofthe
straingageswithandwithoutthesealindicateda negligibleeffeotof
thesealonthecalibration.Simultaneousmeasurenmmtsweremadeofthe
forcesandmmentsforthewingin the~resenceofthebodiesofrevolution
by thestiaingagesandforthewing-bodyccmibinaticmsby thewind-tunnel
balancesystem.Theforcesandmamentsforthewinginthepresemceof
theflat+idedbodywereevaluatedfroma mechanicalintegrationofgraphs
ofthepressure-distributiondata.

A rakeconsistingoffiveKeil+pe yawtubeswasusedtomeasurethe
flowanglesnearthelargebodyin thevicinityofthe~. Thenke
alsocontainedseveraltubesformeasuringthelocaldynamicpressure.To

. avoidthezoneof influenceofthestrut,theflowanglesweremeasuredin
a lateralplane6.5 inchesaheadofthecenterlineofthemodelsupport
strut,whichwaslocatedatO.450L.

*
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CORRECTIONS

.

.

Theaero@amiceffectsduetothepresenceofthemodel+wzpport
st~ts (s~t tares)weremeasuredby USing an hag~~t SyStEIJD.
Struttaresmeasuredinthismannerforallenglesofattackwereqpplied
toallthedata. imagestrutsforthemedium-sizedbodyandwing+ody
combinationareshowninfigures2(c)and2(e).Asno provisionwasmade
tomeasurethetareswiththewingatanglesofinoidenceotherthan0°,
thestruttaresforthewingatanangleofimoidenceof0°wereapplied
tothewing+odydataforotheranglesofwinginoidence.

.
Nowind-tunnel+allcorrectionswereapplledtothetitsbecausethe

correctionsforwhgs mountedonlargebodiesorforlargebodiessupported
inrectangularwindtunnelshavenotbeencalculated.Applicationofknown
wind-tunnel-walJ.correctionstothedataforthewingwouldhavereduced
theslopesofthenormal+orceandpitcMng+mumt curvesabout2 percent.

RESULTSAIVDDISCUSSION

h thediscussionthat follows,theexperimentalresultsforthe
wing,forthebodies,forthewinginthepresenceofthebodies,andfor
thewing+odycombfnaticmsarepresentedandcamparedwiththetheoretical
resuits.Thedetailedprocedureusedfortheapplicationofexisting
theorieHtocalculatethe
binationsisexplainedin

normal<orcecoefficientforthewing~odycom-
theappendices.

Wing

Themeasurednormal<orceandpitching+mmntcharacteristicsofthe
--

wingareshowninfigure3. Showninthesamefigurearetheresultsfor
themodelwingpredictedbyuseoftheWeissingermethodpresentedin
reference4. At smallanglesofattacktheresultsinfigure3 indicate
thatthepredictedslopesofthenormal<orceandpitching+uoment curves
arelessthantheexpertientalslopesby about3 and10percant,respec-
tively;however,bothtiee~ertientalslopeswouldhavebeenreducedby
about2 percenthadthewind-tunnel-wallcorrectionsbeenapplied.Also,
atlowanglesofattackthepredicte~aerodynamiccenteriswithin1.5
percentofthemeanaerodynamicchordoftheexperimentalaerodynamic
center.ThelineartheoryofWeissingerwouldnotbe expectedtoaccount
fortherearwardmovementofthecenterofpressurebecauseofthesepa-
rationof theairflowfromthewingatthehigheranglesofattack.
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BodiesofRevolution

Theexperimentalnormal+orceandyitching+ament coefficientsfor
thethreelodi.esofrevolutionaryshowninfigurek(a)basedcmthebody
geometryandin 4(b)basedonthewinggeometry.A directcomparisonof
theexperimental~itdingaomentresultsforthethreebodiescannotbe
madeinfigure4 becauseeachof thebodieshada differentmomentcenter
as showninfigurel(h). Eowever,itwasfoundthattiththedataof
figure4 refereedtothesamemomentcenter,theexperimentalmomentsfor
thethreebodieswerein substantialagreementexceptforslightdiffe-
enceswhichmaybe attributedtoinaccuraciesinthestruttares,wind—
tunnel+alleffects,ormodel+caleeffects.

Thecharacteristicsyredictedbyuseofvariousmethodsforthese
bodiesarealsoshowninfigure4. Potentialtheory(reference8) resflts
fn anoverestimateofthepitchingmment as indicatedinfigure4(a)
andgiveszeronormalforcefora closedbody. Themethodofreference9
is showntoresultin excellentcorrectionwiththeexperimentalnormal
forcesbutto overestimatethepitchingmoments.A revisedmethod(refer-
ence10),inwhichpotentialtheoryis consideredtoapplyonlyovera* forwardportionofthebody,resultsinthebestagreementwiththeexperi–
mentalpitchingmomentsbutinanunderestimationofthenormalforces.

WinginthePresenceoftheBodies

A bodyat an angleofattackinducesa flowfieldwhichaffectsthe
spanloaddistributionofa tingmountedonthebody. Theupwashangles
inducedby thebodycanbe calculatedfrompotential+?lowconsiderations
by thefollowingequationwhichis derivedinappendixA:

E
r2

a cos20= +C2
[

22 — y2=——
82 1(Z2+ yqz a

(2)

Theupwashanglegivenby theaboveequationis equaltotheangleof
attackat theintersectionof thelsteralplaneof symetryandthebody
surface(6= if/2) . To evaluatetheadequacyofpotentialtheoryforthe
midtingposition,measurementsoftheupwashangleweremadeat41.4per–
centofthelengthof thelargebodyforenglesofattackofko,80,and
~o . As showninfigure5(a),theupwashangleswerepredictedwithgooi. accuracyexceptcloseto thebodyat thehighanglesofattack.To asce~
tainthevalidityofpotentialtheoryforcalculatingtheupwashangles
fora wingmountedinhigheror lowerpositias,additionalmeasurements.
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oftheupwashanglesweremadeatanangleofattackof8°. Theseresults, )
as showninfigure5(b),indioategoodagreementbetweenthee~erimental
andthetheoreticalvaluesexoeptfortheinnerstationsat thehighposZ-

.

tions,

As a firstapproximationforoaloulatingtheinduoedload,theflow
fieldaroundthebodymightbe oonsi.deredindependezxtoftheflowfield
aroundthewfng. Followingthisassumption,theloadInduoedby thebody
alongtheexposedpartofthewingspanwascalculatedby theWeissinger
method.b thecalculationstheupwashanglesinduoedby thebodywere
computedfromequation(2). In theapplicationoftheWeissingermethod
somediscretimwasrequiredtohandlethediscontinuousvariationof
upwashanglealongthewingspan(e= O acrossthebody). Theoaloulated
loadon the wing in the presmceofthebodywasconsideredto oonsistof
thesumoftheloadinducedby thebodyandthatpartofthewing-alaue
loadontheeqosedpartofthewing(referenoek). Thedetailsofthe
prooedureusedcanbe foundinappendixB. ThewingloaUngscalculated
by thisprocedureforthethreewing+odycombinationsarepresentedin
figure6. To indicatetheamountofthetotalloadtheoreticalJ.yinduced
by thebody,thecalculatedloadforthewingtithno bodyinduotionis
alsoinoludedinfigure6.

Shownin figure 7(a)aretheexperimentalandcalculatednomal<orce
characteristicsforthewingmountedsepszatelyinthepresaceof eaoh
ofthethreebodiesofrevoluticm(nobodyforoesinoludedinthesewing
normalforces). Theimportanceofconsideringtheloadinducedonthe
wingby thebodyis indioatedinfigure7 by theimprovedcorrelation
betweentheexperimentalandtheoreticalresults.

Thebending+mmentooeffioientsforthewinginthepresenceofeach
ofthebodiesareshowninfigure7(b).Theagreaentbetweenexperiment
andWeissingertstheorywithbodyinductioueffeatsincludedindicates
thatthetheoryprovidesa reasonableestimateoftheSpanwlsedistribution
ofload. TMS resultisalsoindicatedby thedatagiveninfigure8(a)
forthesamewingmountedona relativelyfla~ided.body. It shouldbe
notedthatthewingwasmountedbelowtheoenteroftheflat-sidedbody;
therefore,theoaloulatedbodyinductioneffcotsaremall. (See
fig.5(b).) b theupperpartoffigure8(a)areshownthecalculated
upwashanglesfor~ nequivalenttfbodyofrevolutionhavingthesamecrosa-
sectionalareaas theflat-sidedbody.Withtheloadinduoedby thebody
takemintoaccount,thepredictedloadingcoefficientsarein exoellant
agreementwiththee~erimentalvaluesas showninthelowerpartof
figure8(a). Thisresultisalsoindicatedby thenormal-forceand
bending+mmentcharacteristics(showninfig.8(b))whichwerecalculated
fromtheloadingcurvesforthewing.

—
.

.

.

.
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WingCombinedWiththeBodiesofRevolution
.
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Forthepredictionoftheforcesandmomentsofwing+odycom-
binations,theeffectofthemutualinteractionbetweenthewingandthe
bodyshouldbe considered.Oneimportantpartofthisanalysisinvolves
thecalculationoftheamountofwingload.carriedoverthebody. This
problemofloadcarry-overwasfirstinvestigatedbyDr.Lennertzwhocon–
sideredan idealizedwing~odycombinationhavinga spanwisedistribution
of circulationto satisfytheconditionforminimuminduceddrag(refer-
ence7). Dr.Lennertzcalculatedthesimplifiedcaseforwhichthelifting
lineandthebodyaxisintersectanda cylindricalbodyisassumedto
extendto infinityinfrontofandbehindthe’wing. Theresultsofhis
calculationsforwingloadcarry-overasa functionof cyllnde&-diameter
towing-spanratioarepresentedinfigure9. To indicatetheadequacy
ofhissimplifiedtheory,theexperimentalpointsfromthepresentinves-
tigationarealsoshowninfigure9. Lennertz’sanalyslsappliestoan
infinitecylinderwhichhasno liftat anangleofattack;whereasthe

. bodiesofthisinvestigationhadliftatan angleofattack.In orderto
eliminatethisdifferencethemeasurementsconsideredInthecomparison
werethoseforthebodiesat 0°andthewingincidencevariable.Theg~od

* agreementbetweenthepredictedvaluesfori~O andmeasuredvaluesfor
w–Oindicatesthat(1)Lennertztsresultsforwingscombinedwithinfinitely
longcylindersareapplicabletowingswithnearlyellipticspanloadings
combinedwithlongslenderbodies,and(2)approximatelythesanepercent-
ageofloadis carriedfroma low-aspect-ratiowingontoa bodywiththe
angle-of-incidenceconstantandtheangle-of-attackvariableaswiththe
angle-of-incidencevariableandtheangle-of-attackconstant.

Theexperimentalandtheoreticalnormal-forcecharacteristicsfor
eachofthethreewing+odycombinationsarepresentedinfigure10(a).
Thepredictedvaluesinthisfigurewerecomputedby addingthenormal
forcesonthebodyin thepresenceofthewingtotheproductofthecal–
culatednormalforcesforthewingin thepresenceofthebodytimesthe
Lennertzcarry-overfactorgiveninfigure9. me detailsOftieproced~e
followedforcalctitingthenormal<orcecoefficientsontheting+ody
combinationsaregiveninappendixB. Thismethodgavegoodagreementwith
theexperimentalnormalforcesforthewingcombinedwitheitherofthetwo
smallestbodies,butslightlyoverestimatedthenormalforcesfortheku?g—
estbody.

Theexperimentalpitching+omentresultsforeaohofthethreewing–
%odywmbinationsarepresentedas coefficientsbaseduponthelody e-

7etryinfigure10(b)andbaseduponthewinggeometiyinfigure1O(C.
. Theestimatedpitching+mnentcharacteristics,alsopresentedinfig–

me 10(b),werecalculatedby addingthepitchingmomentsgivenby the
Multhoppmethodfora bodyinthepresenceofa wingto theexperimental
pitchingmomentsforthewing. Thisprocedurewasfollowedasnomethod
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isavailableforcalculattigtherearwardmovementofthecenterofyres-
..

surewithangleofattackwhichischaracteristicofthinwings.At small -
anglesofattack,theuseofthewingpitchingmomentsfromtheWeissinger
ne’thoilinplaceoftheexperimentalpitchingmomentswouldhavegivenabout
thesamepredictedslopesas thosepresentedinfigure10(b).Theexperi-
mentalpitching+nomentresultsforthewingarealsoincludedinfig-
ure10(b)toindicatethecontributionofthewingto thepredictedresults.
At smallanglesofattackgoodagreementIs ehownbetweentheexperimental
pitching+mmentcoefficientsandtheestimatedcoefficientsforthethree
wing+odycombinations.At thehigherenglesofattackthepredicted
valuesandexperimentalresultstendtodeviate,probablybecauseofa
differencein theseparationofairflowfromthewingmountedon thebody
ascomparedtotheseparationfromtheisolatedWing.

Togivea furtherevaluationofthepredictedstabilitycharacter-
istics,theaerodynamic+enterlocationscalculatedfromtheslopesat
zeroangleofattackofthecurvesinfigure10aregiveninfigureI-1as
a functionofthediameter-to+panratio.As thediameter-t~lanratio
increased,thedifferencebetweentheexperimentalandtheoretical “
aerodynamic-centerlocationsvariedfromlessthan1 percentof themean
aerodynamicchordforthesmallestbodytoabout9 percentforthelargest
bo%.y. .

Infigure12areshownthemeasuredlongitudinal<orceanddrag
characteristicsofthewing,ofthethreebodiesofrevolution,andof’
thethreewlng~odycombinations.Forthebodiesthelongitudinal<orce
coefficientwasrelativelyconstant,exceptaboveanangleofattackof
aboutlJ20,whichindicatesthattheforceresultingfroman angle-of-attack
changewasapproximatelynormaltothewing~hordplane.Thisresultis
alsoindicatedforthewingandforthelargebodyby“thegoodagreement
betweentheexperimentaldragcoefficientsandthepredicteddragcoeffi-
cients.Thepredicteddragcoefficientswerecomputedby addingtothe
experimentalminimunwtragcoefficienttheproductoftheexperimental
normalforceandthesineoftheangleofatttck.

EffectofWingIncidenceChanges

Theeffectofchangingthewingincidenceonthenormal<orceand
pitching+mmentcharacteristicsofthewingcombinedwitheachofthe
bodiesofrevolutionisshowninfigure13. Onemethodofpredictingthe
effectofchangingtheangleofincidence(atanangleofattackof0°)
onthenormal<orcecoefficientsforwing+odycombinationsinvolvesmulti-
plyingthenormalforcesactingontheexposedpartofthewing,aspre- .-
iictedby useoftheWelssingertheory,by theLennertzcarry-overfactor
giveninfigure9. As showninf@ure 13(c),thismethodissubstantiated
by thegoodagreementbetweenthepredictedandexperimentalresults. .
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Theeffectofa changein theangleofwingincidenceontheaero-
mc c~racteristicsofthe~W inthepresenceofeachofthebodies
ofrevolutionis showninfigure14. Withtheangleofattack0°,theuse
oftheWeissingertheoryagainresultsingoodpredictionsforthenormal-
forceandbending+uomentcoefficientsproducedby a dange intheangleof
incidenceas showninfigures14(d)and14(e),respectively.

Foreitheroftheabovecasesinwhichtheincidenceofthewingwas
variedwiththebodiesheldatan angleofattackof0°,theassumption
wasmadethattheforcesinducedonthewingby thebodyas a resultof
thewingchangingtheflowaroundthebodywereInsignificant.Thegood
agreementbetweenthepredictedandtheexperimentalvaluesindicatethat
theneglectofthissecondaryinducedeffectwasjustified.

CONCLUSIONS

. Theexperimentalresultsobtainedata
wingofaspectratio3.0combinedwitheach
diameter-to+panratiosfrom0.1% to0.343

,

Machnumberof0.25fora thin
of severalbodiesio give
havebeenpresented.Compari-

0 sonsmadebetweentheexperimentalandthepredictedresultsindicatedthe
following:

1. Goodagreementbetweentheexperimentalandtheyredictedforces
andmomentswasobtainedby includingtheeffectsofvelocitiesmutually
inducedby thewingandthebodyinthetheoreticalanalysfs.

2. At an angleofattackof8° theupwashangleswereaccurately
predicted,by useofpotentialtheoryfora circularcylinder,ina verti–
cd planenearthemidlengthofthebodyexceptat spanstationscloseto
thebodyat positionswellabovethebody.

3. Thenormalforcesandbendingmaentsonthewingin thepresence
ofthebodieswereaccuratelypredictedby addingtheforcesandmoments
producedby a changeinangleofattack,calculatedby theWeissinger
method,totheforcesandbendingmomentsinducedby thebody.

4. Thenormalforceson the,wing~odycombinationswiththewing
incidencefixedwereaccuratelypredictedbyaddingthebodyforcesonthe
partofthebodyaheadofthewingtotheproductofforcesonthewing
inthepresenceofthebodythes thelkmnertzcarry-overfactor.

5. Thepredictedpitchingmomentsforthewing+odycombinations
wereingoodagreementwiththeexperimentalvaluesat mall anglesof
attack.Forthesepredictions,thepitchingmomentsforthebodyinthe
presenceofthetingwerecalculatedlytheMulthoppmethodandadded

.



totheexperimentalwingyitchlngmomentsbecausenomethodwasavailable
forestimatingthenonlinearcharacteristicsofthewingpitohing+noment
curveat thehigheranglesofattack.

6. Thedifferencebetweentheexperimental
fortheaerodpamiccentervariedfromlessthan
aerodynamicchordforthewingcombinedwiththe
9 percentforthewingcombinedwfththelargest

—

andpredictedlocation
1 percent.ofthemsan
smallestbodytoabout
body.

7. Forestimatingtheforcesonthewing-bodycombhationswiththe
bodyatan angleofattackof0°andthewing-incidencevariable,good
pretictimswereobtafnedbymultiplyingtheforcesonthewinginthe
presenceofthebodyby theLexmertzcarry-overfactor.

8..Theforcesandbentingmcmmntscmthewinginthepresenceof
thebodiesasproducedby anangle-of-incidencechangewiththebodyat
anangleofattackof0°weresatisfactorilypredictedby utilizinathe
Weissingermethodandneglecting’

.-

body.

AmesAeronauticalLaboratory,
NationalAdvisoryCommittee

MoffettField,Calif.

anysecondaryinductioneffectsfromthe

forAeronautics,
.

.
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AEPIZNDIXA

UIWASHANGLEINDUCEDBY A I?IDYOFREVOLUTION

Thederivationoftheequationforcalculatingtheupwashangles
arounda bodyofrevolutionisasfollows:

Assumethatthe flownomal tothebodyaxisisanalogoustotheflow
arounda circularcylinderina perfectfluidwitha velocityequaltothe
free-streamvelocitytimesthesineoftheangleofattack(U=VOsina).
Eachcrosssectionofthebodymaythenbe repl.acedhya doublet.Fora
doublet,thevelocitycomponentsatanypointareexpressedintheequa-
tionsgivenbyGlauert(referencen).

“=-+-90s’ (Al)

.l=u(.++id (A2)

.
where

radialvelocitycomponent

circumferentialvelocitycomponent

free-streamvelocitycomponentnormaltothebodyaxis
(U=VOsins)

free~treamvelocity

radiusofbody

polarcoordinates

Theverticalvelocitycomponent,perpendiculartothefree-stream
velocity,inducedby thebodyis

w= cosa(-u~cose+v~ sin~-Vosinu) (A3)
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Framtherelati:ntan e =~w/’Voandfrom~heassumptionthatfor
smallanglescosa = 1, sina = a and tanG

—
= e,thenby substituting .

equations(Al)and(A2)inequation(A3)theequationfortheupwash
anglebecomes

e r2=-— a cos2e~2

orinrectangularcoordinates

[

~2_ 2
e ._r2

(Z2+ y=92‘1
a

(A4)

(W)
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KPPENDIXB

MIKLEOmUSEDFORCALCULA= THENORMALXFORCECOEFFICIENTS

ONTHEWIIXXBODYCOMBINATIONS

Theprocedurefollowedforcalculatingthenormalforcesactingon
thewing~odycomblnati.onsisasfoldows:

1. Theupwashanglesinducedhy thehofieswerecalcuktedfrom
equation(Ak)atwing-panstationsy = r, y = 0.383(b/2),
y=O.707(b/2),y=O.92h(b/2).

2. A specialapp~cationoftheWeissingermethod.wasrequiredto
gfve a closeapproximationto theloadinducedby thebodyfromthedis–
continuousdistributionof e showninthesketch:

.

‘w-l 1“0
Forthefirstpartofthecalculation,theupwaahangleinthevertical
planeof spetry wasassumedtobe equaltothecomputedupwashangleat
thewing-%odyintersection.Thedimensionlesscircuktionfactors(Gn)
wereevaluatedby solvingthefollowingsimultaneousequationsofthe
Weissingermethod(referencek):



El= al lG1+ al #2 + al3G3

E2= a2 lG1+ a2 $2 + a2SG9

Ea= aa lG1+ aa d% + as3G3

‘4 =a41&+a4#2+a4&

where

‘1 upwashangleat y = O.924(b/2),radians

‘2 upwashangleat y = O.707(b/2),radians

% upwashangleat y = 0.383(b/2),radians

G4 upwashangleat y = O equalto that

avn influencecoefficientbaseduponthe
spangeometry(frcmreference4)

Gn unknowndimensionlesscirculationat

Subscript

+ al4G4

+ a2 4G4

+ as4G4

+ a44G4

aty=r

NACARMA7m24
.

1

;

v,n integersdefiningspecificspanstation

—

.

(Bl)

fu.-i.-

span,isestationn

Theloadingcoefficientswerecomputedfromtherelstion

()

cc2
T =%av n

. . .

.

(B2)

where

A aspectratiobaseduponthefullwingspanandwingarea

cl localliftcoefficient

It isnecessaryto subtractfromtheabovecalculatedloadingcoeffi-
cientstheportionofthesecoefficientsinducedfromtheassumeddistri-
butionofupwashangleoverthebody (G4. eat y . r). At the s~gestfon
ofMr.JohnDeYoungoftheAmesAeronauticalLaboratory,thecoefficients
tobe subtractedwerecalculatedby assumingtheportionofthewing
blanketedby thebodytobe re@acedby a 100-percent<hordflaphavinga

.

deflectionequalto e4. Theflaploadingcoefficientswereobtainedby
.
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.

interpolation
. totalloading

I
fromtheflaploadingcurvespresentedinreference5. The
coefficientsinducedby thebodyareshowninthesketch:

/

Forassumedupwashdistribution

L,/
/

Totalinducedby thebody

</
Fortheinboardflap

Cj.c

3. Thetotalloadingcoefficientsforthewingin thepresenceof the
bodywerecalculatedby addingthetotalloadingcoefficientinducedby
thebodyon thewing(derivedas inparagraph2) to +&eloadingcoeffi-
cientsforthefull-spanwingas giveninreferencek. Thisadiihionis
representedin thesketch:

Totalactingon thewingin the
/ presenceofthebody

L-~/Totaltiducedby thebody
/

Wing(reference4)
----

>~
mdy
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Thetotalnormal<orcecoefficientaotingonthewinginthepresenceof
thebodywasthencalculatedby theintegration:

‘N=* f:””(f)t.~,..tiwo.~.. ‘(*) ‘B’)x inpresenceofbody

of the wing the4. In thecalculationsforthebodyinthepresenoe
normalforceofthebodybehindthewingwasassumedtobe zerc,sincethe
resultantflowisnearlyparalleltothebodyaxis. l?henormalforceon
thebodyaheadofthewing,withpotentialflowassumed,canbe shownto
.be dependentonlyupontheflow.angleatthewingleadingedgeandthelody
cross+ectionalareaat theintersectionofthewingleadingedgeandthe
body..Inreferace6 itis shownthatthe~ft ona bodyinthepresence
“ofawingis

x

?J’= gdx= 2q$s
o

(’4) .

where
.

-L

x

s

de
ZZ

tctalliftonbodyfrombcdynoseto x

localliftonbody

longitudinal distancefrombodynose

cross~ectionalareaofbodyat x

flowangle
(’+s)’

rateof changeofupwashanglewithangleofattackat
x fromthefollotingequatianforan elementaryswepthorse-
shoevortexassumedtobe at the2>peroentihordlineofthe

~[T - (lq) tan A]2+ (1+7)2 +

(l+q) (T i- 27tanA)

2~A~(T+~tanA)2 +v2

T(T+2q tan A) }

●

(B5)

.
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where
.

%
winglift<urveslopeperradian

n lateraldistance
()&

fromwingrootchord

T longitudinaldistance
()

froma pointonthebound
b%

vortex(xbeingnegativefordistancesaheadofthebound
vortex)

Thereforeforthemethodusedherein,withvaluesof x, ~,andS at the
intersectionofthewingleadingedgeandthebodysurfaoe,itfollows
that

=’wl
*

=—

bodyin Sw”cosa
presence
ofwing

(B6)

wheresubscript1 denotesvaluesat theintersectionofthewing leading
edgeandthebodysurface.

Thenormal<orcecoefficientforthewing~odycombinationwascal–
culatedby addingthenormal<orcecoefficientforthebodyinthepre—
senceofthewingtotheproductoftheLennertzcarry-verfactortimes
thenormal~orcecoefficientforthewingh thepresenceofthebody.
Thisadditionisrepresentedasfollows:

2W1

‘—+ [&&o(:) ~~,actq .*:($1C% ~ cosa
inpresenceofbody

[
Lennertztscarry-over
factor,fig.9 1 (E7)
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TABLEI

COORDINATESFORTHEBODIISOFREVOL~IONl

x

I
Small+ody

I
Meditiody

I
Large+ody

z radii(in.) radii(in.) radii(in.

o
.025
.Oyl
.073
.100
.1P
.200
.250
.300
9350
.400
.450
.500

0
.72

1.18
1.57
1.91
2.48
2.94
3.31
3.61
3.83
3.99
4.08
4.11

0
.95

1.57
2.o8
2.53
3.28
3.89
4.38
4.77
5.07
5.28
5.40
5,44

0
1.26
2.07
2.75
3.42
4.34
5.15
5.80
6.31
6.71
6.98
7.14
7.20

‘Eachbodyis symmetricalabouta planeperpendicularto
theaxisat O.~.

TABLEII

“ DIMENSIONSOFTHEWINGANDOFTHEEODIXS

Model Sw orSB ~orL
(Sqft) (ft)

wing 4.091 1.24
Smallbody .369
Mediumbody

8.57
.646

Largebody
11.33

1.132 14.99

21
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Note: All dimensitms m i~hes.

Leafing edge 23 “

\

Moment center —

F ““o’

0.300C

+

T’ooc:

J-14
0.300C

s!

Figure I.-Dimensions of models.
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(a) Wing.

Figure2.-Theting,themedium+izedbodyofrevolution,and
thewing~odym?ibinationmountedin oneoftheAmes
7- by l=oot windtunnels.

. .
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(b) Body on me wtmt. (o) Body with -e strut.

Figure 2.- Continued.
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of revolution.
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Figure 5.- Campodwn between experimtwtat and thewefical spanwise variatian of
upwdsh angles for the large body of revolution. (x R O.414L).
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—— Wing theory (ref 4]
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Figure 6.- Theore?ico/ spon load distritition for the wing in the
of re vofution. (a = 8 O).
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Figure8.- Experimental and theoretical churucteristicsfor the wing
in the presence of the flat-sided body.
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+ Experiment
—— Wingtheory(ret 4)

—- —wing theoryincluding
bodyinduction(ref4 a S)
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o Experiment — Lennertz’s theory
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~dC#i~j wing+ body 1[ f’NPa)Winfinite
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1“
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of body = 0° Infinite qylinder -u iw=OO
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II

o ./ .2 .3 .4 .5

Diameter- to- span ratio , ~

Figure g.- Effect of body size on the amount of wing normal-force
coefficient carried over bodies of revolution.
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Figure Il. - Effect of body size on fhe aerodynamic-center
loco f ions for fhe wing -bodY combinufions.
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